INTRODUCTION
The necessity of using stochastic cooling in the constructed NICA collider makes preliminary experi mental investigations of the possibilities of the method obligatory [1] . These investigations have been carried out since 2010 on the Nuclotron accelerator at the Joint Institute for Nuclear Research (JINR), Dubna [2] . The most efficient type of stochastic cooling that can be used on the Nuclotron is the longitudinal filter ing method. This method is based on using the so called comb filter. Its frequency characteristic is a series of uniformly distributed minima in the trans mission band, and the phase is inverted at every mini mum. In the frequency domain, the beam circulating in the accelerator forms the Schottky bands; therefore, if the filter minima exactly coincide with harmonics of the beam inversion frequency, the signal after the filter becomes proportional to the deviation of the particle in frequency and the beam will be cooled. For efficient cooling, the filter must have deep similar minima and small dispersion in the entire band; for stochastic cooling, it constitutes several GHz as a rule. This imposes high requirements on its construction and tuning procedure.
SCHEME AND CHARACTERISTICS
OF THE DESIGNED FILTER The comb filter for stochastic cooling is a device in which the passing signal is subtracted from itself with a certain delay; due to interference, the frequency char acteristic of the filter consists of alternating minima and maximums. The construction of the filter is such that the input signal is divided into two equal signals one of which is delayed for the period of beam inver sion; then the signals are subtracted. The delay of the feedback line determines the frequency of filter tuning.
Traditionally, stochastic cooling setups involve coaxial or coaxial optical (a coaxial filter with a fiber optic delay line) filters. Filters with a coaxial delay line [3] have significant disadvantages caused by character istics of coaxial lines: large size, dispersion, and tem perature dependence. Coaxial optical filters [4] are free from such disadvantages. The filter appears to be compact due to the fact that the propagation rate of a signal in the optical fiber is comparatively small and the fiber itself is thin. The dispersion also turns out to be significantly smaller because the applied band of 2-4 GHz is small compared to the optical range. It is impossible to make the filter completely optical due to the absence of an optical equivalent of a hybrid joint with phase inversion; however, characteristics can be improved in the future by replacing all other filter components with optical ones. Such a filter was ini tially proposed at the Jülich Research Center (FZ Jülich) for the stochastic cooling system of the future HESR storage. Owing to the simplicity of its design and excellent characteristics, such a filter was also selected for the stochastic cooling system at the Nuclotron. The scheme of the designed comb filter is presented in Fig. 1 .
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PHYSICS OF PARTICLES AND NUCLEI LETTERS Vol. 11 No. 5 2014 branches. In the lower branch, a variable delay of 850-865 ns is set. It provides operation in the energy range of ~3-4 GeV. The delay consists of an optical fiber coil, optical switcher of 0.5-0.15 ns with a step of 0.5 ns, and module of precision delay of 0-650 ps with an accu racy of 0.01 ps. In both branches, variable attenuators were mounted. The attenuator in the direct line is used to compensate losses of the delay line. Such devices have significant insertion losses which exceed losses in the delay line; for this reason, a similar attenuator was also mounted in the delay line. In this line, the atten uator plays also the role of a key for the line break, which is necessary for tuning of the cooling system and using other methods of stochastic cooling. Then, opti cal signals in both the branches are transformed back to radio frequency signals by use of a photodetector and subtracted. The filter operates in the frequency range of 2-4 GHz, and the insertion losses are about 25-27 dB. The frequency and phase responses of the designed filter are presented in Fig. 2 . The most important characteristic of the filter is the average attenuation of minima in the working band. For the described filter, it amounts to more than 40 dB, while it is about 25 dB for coaxial filters and about 35 dB for coaxial optical filters. The maximum deviation for positions of minima (dispersion) is less than 10 kHz, which corresponds to the tuning frequency shift of only several Hz. For coaxial optical filters, the tuning frequency dispersion is about 25 Hz.
AUTOMATION OF COMB FILTER TUNING
Tuning the filter to a given frequency means that positions of frequency response minima coincide with harmonics of this frequency in the entire working band. The band usually contains several thousand har monics and it is necessary to perform a large number of measurements to tune the filter with a given accu racy. The process of filter tuning is very laborious and, as a rule, takes much time. Besides, it is impossible to perform a remote tuning, which is very inconvenient during the operation of the accelerator. To simplify the procedure of filter tuning, software automating the tuning and allowing one to perform it remotely was developed. The filter can be tuned in a completely automatic mode and take 5-10 min, depending on the 
